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1
VERIFYING A ROAD NETWORK OF A MAP

BACKGROUND

The present 1nvention generally relates to a method and
system for verilying a road network of a map, and more
specifically to continuously improving the road network of a
map.

In various fields such as connected vehicle, intelligent
transportation or location-based service (LBS), a map pro-
vides fundamental information to support other services. In
particular, a road network of a map may be used to provide
information regarding roads and traific lines. Currently, the
quality of free maps 1s rather poor. Traditionally, users have to
pay for high-quality road network data (purchased in data
lump, or purchased by use time), which restricts common
users use of a road network.

It has been proposed to generate a road network using
location data collected by the positioning systems of vehicles
or mobile devices. Meanwhile, some non-commercial third-
party map providers also provide road network services.
However, a common problem for these road networks lies 1n
low accuracy. Due to restrictions 1n various aspects such as
device, cost, policy, data collection, road network generation
for a free map may have limited accuracy. Therefore, the road
network data of many currently available maps may be prob-
lematic. Two most common road network errors are road
segment missing error and road segment connectivity error. A
road segment missing error means a route in the real world 1s
not correctly reflected on the map, while a road segment
connectivity error means connectivity between road seg-
ments on the map has a deviation from the actual roads. The
road network in the map may also have other types of errors.

Inaccurate road network may cause mconvenmience to a
user. For example, 11 one or more road segments indicated in
the road network do not exist, the user would have to reselect
a route during traveling, which not only wastes the user’s
time, but also might cause a tratlic problem, or a security risk.
On the contrary, 1f a road segment existing in the real world 1s
not reflected 1n the road network, it likely wastes the user’s
time and resources, and the user has to modify their route.

SUMMARY

In general, embodiments of the present invention provide a
technical solution for veritying a road network of a map.

In one aspect, an embodiment of the present invention
provides a method for veritying a road network of amap. The
method includes determining, based on locations of a set of
points in the map, a trajectory distance of a trajectory between
a start point and an end point 1n the set of points on the map;
determining a route distance between the start point and the
end point in the road network of the map; and veritying the
road network by comparing the trajectory distance and the
route distance.

In another aspect, an embodiment of the present invention
provides a system for verilying a road network of a map. The
system includes a trajectory distance determining unit con-
figured to determine, based on locations of a set of points 1n
the map, a trajectory distance of a trajectory between a start
point and an end point 1n the set of points on the map; a route
path determining unit configured to determine a route dis-
tance between the start point and the end point 1n the road
network of the map; and a road network veritying unit con-
figured to verity the road network by comparing the trajectory
distance and the route distance.
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2

According to an embodiment of the present 1invention, a
plurality of continuous locations in a moving trajectory of a
vehicle or a user are mapped to a set of points on the map. A
distance between two points may be determined based on
distribution locations on points 1n the set of points. Mean-
while, aroute path between the two points may be determined
based on map-based road network information. By appropri-
ately computing a deviation between the road network infor-
mation and the actual trajectory information based on the two
distances, a potential error in the road network may be efifec-
tively 1identified. Other features and advantages of the present
invention may become easily comprehensible through the
description 1nira.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

Through the more detailed description of some embodi-
ments of the present disclosure 1n the accompanying draw-
ings, the above and other objects, features and advantages of
the present disclosure will become more apparent, wherein:

FIG. 1 shows an exemplary computer system/server which
1s applicable to implement an embodiment of the present
imnvention;

FIG. 2 shows a schematic flow diagram of a method for
verilying a road network of a map according to an embodi-
ment of the present invention;

FIG. 3 shows a schematic diagram of checking a road
segment connectivity error in a road network of a map accord-
ing to an embodiment of the present invention;

FIG. 4 shows a schematic diagram of checking a missing,
road segment in a road network of a map according to an
embodiment of the present invention; and

FIG. 5 shows a schematic block diagram of a system for
verilying a road network of a map according to an embodi-
ment of the present invention.

In respective figures, same or like reference numerals are
used to represent the same or like components.

DETAILED DESCRIPTION

Some preferable embodiments will be described 1n more
detail with reference to the accompanying drawings, where
the preferable embodiments of the present disclosure have
been illustrated. However, the present disclosure can be
implemented 1n various manners, and thus should not be
construed to be limited to the embodiments disclosed herein.
On the contrary, those embodiments are provided for the
thorough and complete understanding of the present disclo-
sure, and completely conveying the scope of the present dis-
closure to those skilled 1n the art.

Referring now to FIG. 1, in which an exemplary computer
system/server 12 which 1s applicable to implement an
embodiment of the present imvention 1s shown. Computer
system/server 12 1s only 1illustrative and 1s not intended to
suggest any limitation as to the scope of use or functionality
of embodiments of the invention described herein.

As shown 1n FIG. 1, a computer system/server 12 1s shown
in the form of a general-purpose computing device. The com-
ponents of the computer system/server 12 may include, but
are not limited to, one or more processors or processing units
16, a system memory 28, and a bus 18 that couples various
system components including the system memory 28 to the
processor 16.

The bus 18 represents one or more of any of several types
of bus structures, including a memory bus or a memory con-
troller, a peripheral bus, an accelerated graphics port, and a
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processor or local bus using any of a variety of bus architec-
tures. By way of example, and not limitation, such architec-
tures include Industry Standard Architecture (ISA) bus,
Micro Channel Architecture (MCA) bus, Enhanced ISA
(EISA) bus, Video Electronics Standards Association
(VESA) local bus, and Peripheral Component Interconnect
(PCI) bus.

The computer system/server 12 typically includes a variety
of computer system readable media. Such media may be any
available media that 1s accessible by the computer system/
server 12, and may include both volatile and non-volatile
media, removable and non-removable media.

The system memory 28 may include computer system
readable media in the form of volatile memory, such as ran-
dom access memory (RAM) 30 and/or cache memory 32. The
computer system/server 12 may further include other remov-
able/non-removable, volatile/non-volatile computer system
storage media. By way of example only, a storage system 34
may be provided for reading from and writing to a non-
removable, non-volatile magnetic media (not shown and typi-
cally called a “hard drive”). Although not shown, a magnetic
disk drive for reading from and writing to a removable, non-
volatile magnetic disk (e.g., a “tloppy disk’), and an optical
disk drive for reading from or writing to a removable, non-
volatile optical disk such as a CD-ROM, DVD-ROM or other
optical media can be provided. In such instances, each can be
connected to the bus 18 by one or more data media interfaces.
As will be further depicted and described below, the system
memory 28 may include at least one program product having
a set (e.g., at least one) of program modules that are config-
ured to carry out the functions of embodiments of the mnven-
tion.

A program/utility 40, having a set (at least one) of a pro-
gram module 42, may be stored 1n the system memory 28 by
way of example, and not limitation, as well as an operating,
system, one or more application programs, other program
modules, and program data. Each of the operating systems,
one or more application programs, other program modules,
and program data or some combination thereof, may include
an 1mplementation of a networking environment. The pro-
gram modules 42 generally carries out the functions and/or
methodologies of an embodiment of the invention as
described herein.

The computer system/server 12 may also communicate
with one or more external devices 14 such as a keyboard, a
pointing device, a display 24, etc.; one or more devices that
enable a user to interact with the computer system/server 12;
and/or any devices (e.g., network card, modem, etc.) that
enable the computer system/server 12 to communicate with
one or more other computing devices. Such communication
can occur via an Input/Output (I/O) interface 22. Still yet, the
computer system/server 12 can communicate with one or
more networks such as a local area network (LAN), a general
wide area network (WAN), and/or a public network (e.g., the
Internet) via a network adapter 20. As depicted, the network
adapter 20 communicates with the other components of the
computer system/server 12 via the bus 18. It should be under-
stood that although not shown, other hardware and/or soft-
ware components could be used 1n conjunction with the com-
puter system/server 12. Examples, include, but are not limited
to: microcode, device drivers, redundant processing units,
external disk drive arrays, RAID systems, tape drives, and
data archival storage systems, efc.

Hereinafter, the mechanism and principle of an embodi-
ment of the present mvention will be described in detail.
Unless otherwise stated, the term “based on” used hereinafter
and 1n the claims expresses “at least partially based on.” The

10

15

20

25

30

35

40

45

50

55

60

65

4

term “comprise’” or “include” or a similar expression indi-
cates an open 1inclusion, 1.e., “including, but not limited
to . ... 7 The term *“plural” or a similar expression indicates
“two or more.” The term “one embodiment” indicates “at
least one embodiment.” The term “another embodiment™
indicates “at least one another embodiment.” Definitions of
other terms will be provided 1n the description inira.

FIG. 2 shows a flow diagram of a method 200 for veriiying
a road network of a map according to an embodiment of the
present invention. The method 200 begins at step S210, where
a distance of a trajectory between a starting point and an end
point 1n the set of points 1s determined based on locations of
a set of points on the map. For the convenience of discussion,
the distance 1s called the “trajectory distance.”

According to an embodiment of the present invention, the

points 1n a set of points processed at step s210 correspond to
a trajectory. Such set of points can be obtained 1n various
manners. For example, in an embodiment, the set of points are
obtained by mapping a group of locations as sensed onto a
map to be verified. The group of locations may be sensed by
any appropriate positioning technique. For example, in an
embodiment, the location data of the set of points on the
trajectory may be collected continuously or periodically dur-
ing travel of a vehicle or a user using a positioning device
equipped on the vehicle or on the mobile device of the user.
Examples of the positioning devices include, but not limited
to, at least one of the following: a GPS (global positioning
system) receiver, a Galileo positioning system receiver, a
Beidou positioning system recerver, etc. In an embodiment,
location data of the respective points in the trajectory may be
collected by the same vehicle or user. Alternatively, 1n another
embodiment, location data collected by multiple vehicles
and/or users may also be used to form the trajectory.
The location data may be mapped to the map by coordinate
transformation. In particular, in an embodiment, these loca-
tions may be mapped to points on the map using a map
matching technology. As known, the match matching tech-
nology may match each mapped point to a particular road
segment 1n the network. Moreover, the map matching tech-
nology may provide a match degree between the matched
respective point and the corresponding road segment. During
the process of performing road matching, additional process-
ing such as abnormality processing, bug correction and/or
noise cancellation may be performed. Various aspects of the
map matching technology are known, which will not be
detailed here to avoid confusion with the present invention.

By mapping a plurality of locations 1n the trajectory to the
map, a plurality of points on the map are obtained. In an
embodiment, in order to comprehensively verily an accuracy
of the road network, a umiversal set of points on the map may
be processed. Alternatively, a subset of points may be selected
from among the universal set of points on the map for pro-
cessing. In other words, the set of points processed at step
5210 may be a particular subset of the universal set of points
corresponding to the complete trajectory.

According to an embodiment of the present invention, a set
ol points for processing at step S210 1s selected 1n various
appropriate manners. For example, in an embodiment, after
locations 1n the trajectory are mapped to the map, unstable
points among the set of points may be located. As an example,
in an embodiment of using map matching, a match degree
between a point and a segment can be used as a criterion for
measuring the stability of the point. In other words, a point
whose match degree 1s lower than a predetermined threshold
may be determined as an unstable point. After an unstable
point 1s determined, forward and backward search may be
performed along the trajectory, to find stable points located
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before and after the unstable point, 1.e., points whose match
degree are greater than the predetermined threshold. In this
way, all points between the two stable points may be selected
for processing at step S210.

It should be understood that the manner of selecting a set of
points described above 1s only exemplary, not mtended to
limit the scope of the present invention. In an alternative
embodiment, a set of points to be processed within the uni-
versal set of points corresponding to the trajectory may also
be selected 1n any other appropriate manner. For example, the
set of points to be processed can be randomly selected, or
even designated by the user, eftc.

For the convenience of discussion, in the context of the
present disclosure, a first point 1n the set of points being
processed at step S210 1s called “start point,” while the last
point 1n the set of points 1s called “end point.” In this way, at
step S210, the set of points being processed form a trajectory
between a start point and an end point on the map. It should be
understood that the start point and the end point are only
named relative to the set of points being processed or to the
trajectory. In other words, before the processed start point
and/or after the processed end point, there may be one or more
points indicating other locations.

At step S210, dependent on different purposes of map
verification, the trajectory distance between the start point
and the end point may be determined in a variety of different
manners. For example, in one embodiment, the trajectory
distance may be a length of a route matching the trajectory
between the start point and the end point on the map. The term
“route” used here refers to a continuous line including one or
more road segments. As an example, as mentioned above, the
set of points may be generated using a map matching tech-
nology. In this way, each point 1n the set of points 1s mapped
to a particular road segment 1n the map. These continuous
road segments form a route matching the trajectory. Corre-
spondingly, a length of the route between the start point and
the end point may be computed as the trajectory distance
between the start point and the end point. In other words, in
such an embodiment, the trajectory distance between the start
point and the end point 1s the map matching distance there
between.

Alternatively or additionally, 1n an embodiment, a polyline
distance between the start point and the end point 1s be
directly computed at step S210 as the trajectory distance.
Specifically, direct-line distances of adjacent points 1n the set
of points on the map may be computed one by one along the
trajectory, beginning ifrom the start point, t1ll the end point in
the set of points. By accumulating these distances, the
polygonal distance between the start point and the end point
may be determined. Note, 1n the context of the present dis-
closure, a direct line i1s regarded as a particular type of
polyline.

Next, the method 200 proceeds to step S220, where a route
distance on the map between the start point and the end point
1s computed. Based on the locations of the start point and the
end point represented on the map, and based on the informa-
tion provided the road network of the map, one or more routes
from the start point to the end point can be determined. In
particular, 1f the start point and/or end point does not com-
pletely fall on the road segment on the map, points on the road
segment which most match the start point and/or end point
may be used as approximates.

In an embodiment, at step S220, a length of the shortest
route between the start point and the end point may be com-
puted as the route distance, the manner of seeking the shortest
route 1s known 1n the art. For example, the Dijkstra algorithm
may be used to determine the shortest route connecting the
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6

start point and the end point on the map, and then the length
of the route 1s determined as the route distance.

Besides the shortest route distance, 1n an embodiments, at
step S220, another route between the start point and the end
point may be selected based on any appropriate factors, and
then the length of the route 1s determined as the route distance.
Examples of these factors include, but are not limited to, one
or more of the following: type of road segments (e.g., one-
way road, express road, highway, etc.), condition of the road
segment (e.g., number of lanes, whether there 1s a road seg-
ment under construction, etc.), real-time tratfic of the road,
route preference of the user, etc.

Next, the method 200 proceeds to step S230, where the
trajectory distance determined at step S210 and the route
distance determined at step S220 are compared to verify the
road network of the map, 1.e., checking whether potential
errors are present 1n the road network. Hereinatter, two exem-
plary embodiments of the step S230 will be described inira
with reference to FIG. 3 and FIG. 4, respectively.

FIG. 3 illustrates checking whether a road segment con-
nectivity error 1s present 1n a road network of a map 300. As
above mentioned, the road segment connectivity error means
the road segment connection relationship on the map does not
conform to the real world road segment. For example, one or
more road segments on the map do not exist in the real world
at all. In the example of FIG. 3, the trajectory distance
between the start point 310 and the end point 320 1n the set of
points 1s the length of the matching route. Specifically, 1n this
example, points 1n the point of sets are mapped to a route 330
on the map. As shown 1n the figure, the route 330 includes
road segments 331-336.

In an embodiment, matching points of the start point 310
and the end point 320 are determined respectively. Then, the
length of the route 330 between the two matching points may
be computed as the trajectory distance between the start point
310 and the end point 320.

In addition, the route distance between the start point 310
and the end point 320 in the map 300 will also be determined.
Specifically, 1mn this example, the shortest route distance
between the start point 310 and the end point 320 1s com-
puted. Given two points on the map and the road network
information of the map, any currently existing or future devel-
oped methods may be used to calculate the shortest route
distance between the two points.

Next, based on the trajectory distance and the shortestroute
distance, a detour coetlicient between the start point 310 and
the end point 320 may be computed. The term “detour coet-
ficient” used here represents the relationship between the
trajectory distance and the shortest route distance between the
start point and the end point. For example, 1n an embodiment,
the detour coetlicient represents a ratio between the trajectory
distance and the shortest route distance. For example, the
ratio between the trajectory distance and the shortest route
distance may be directly used as the detour coellicient. In
another embodiment, other operations (e.g., solving log,
solving exponent, etc.) can also be performed to the trajectory
distance, shortest route distance and/or their ratio, so as to
compute the detour coellicient.

According to an embodiment of the present invention, 1f
the detour coetlicient between the start point 310 and the end
point 320 1s too large (e.g., exceeding a predetermined thresh-
old greater than 1), it may indicate that the actual length of the
trajectory represented by the set of points 1s far greater than
the shortest route distance between the start point and the end
point indicated 1n the road network of the map. In this case, 1t
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may be regarded that there likely exists a road segment having,
a potential connectivity error between the start point 310 and
the end point 320.

The logic for such a determination lies 1n that if a shorter
route indicated 1n the road network does exist in the real
world, then the vehicle or user would generally select the
shorter segment to travel from the start point to the end point,
rather than a detour. On the contrary, if the trajectory of the
user 1n the real world 1s indeed far greater than the shortest
path mdicated in the road network, then one or more road
segments 1n the shortest road very likely do not exist in the
real world.

Specifically consider the example of FIG. 3. Suppose the

road network of the map 300 indicates a presence of a road
segment 340. Accordingly, 1n this example, the shortest route
from the start point 310 to the end point 320 includes the road
segment 340. However, the actual trajectory represented by
the set of points advances along road segments 333, 334, and
335 instead, such that the trajectory distance 1s apparently
greater than the shortest path distance indicated by the road
network. In this way, 1t may be determined that the road
segment 340 might not exist in the real world. In other words,
road segment 340 1s a road segment having a connectivity
eITor.
In an embodiment, after determining that a potential error
(which 1s road segment connectivity error in this example)
exists between the start point 310 and the end point 320 1n
response to a too large detour coeflicient, a range of the
potential error on the map may be estimated by adjusting the
set of points. For example, 1n an embodiment, a point after the
start point 310 1n the set of points may be selected as a new
start point, and/or a point before the end point 320 1n the set of
points may be selected as a new end point, repeating steps
5210 to S230, till between which two points the potential road
segment connectivity error 1s located 1s determined.

FIG. 4 shows another embodiment of verifying a road
network of amap. More specifically, in the example of F1G. 4,
it may be verified whether potential road segment missing
occurs 1n a road network of a map 400.

In this example, a polyline between a start point 410 and an
end point 420 1n the set of points 1s computed as the trajectory
distance between the two 1n the map 400. Specifically, begin-
ning from the start point 410, in a sequence along the trajec-
tory corresponding to the set of points, map distances
between adjacent points in the set of points are computed one
by one. By accumulating these distances, the polyline dis-
tance between the start point 410 and the end point 420 may
be obtained as the trajectory distance.

Similar to the example of FIG. 3, in the example of FIG. 4,
the shortest distance between the start point 410 and the end
point 420 may be computed as the route distance between the
two. Specifically, 1n this example, suppose the shortest route
between the start point 410 and the end point 420 1n the road
network 1s route 430 including road segments 431-436.
Accordingly, the distance of the route 430 between the start
point 410 and the end point 420 1s used as the route distance.

Based on the trajectory distance and the shortest route
distance between the start point 410 and the end point 420, a
detour coelficient between the start point 410 and the end
point 420 may be computed. In this example, for example, the
detour coellicient 1s still computed as a ratio between the
trajectory distance (which is polyline distance now) and the
shortest route distance. In such an embodiment, 1f the com-
puted detour coelficient 1s too small (e.g., smaller than a
predetermined threshold less than 1), 1t indicates that the
actual trajectory distance 1s apparently smaller than the com-
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puted shortest route distance in the road network. Therefore,
it may be regarded that a potential road segment missing 1s
present 1n the map 400.

The logic underlining such determination 1s that: if all road
segments 1n the real world are covered 1n the road network of
the map, the actual trajectory distance between the start point
and the end point should not be significantly smaller than the
shortest route distance between the starting point and the end
point 1 the road network. On the contrary, 1f such a condition
occurs, 1.¢., the trajectory distance 1s apparently smaller than
the shortest route distance, 1t indicates that some road seg-
ments existing 1n the real world are very likely not correctly
reflected in the road network of the map, 1.e, the road network
has potential road segment missing.

Specifically consider the example of FIG. 4, road segment
440 might be amissing road segment. In other words, the road
segment 440 1s present 1n the real world, but not correctly
reflected 1n the road network of the map. In this case, when
computing the shortestroute based on the road network infor-
mation, road segments 433, 434, and 435 will be chosen. As
a result, the shortest route distance computed based on the
road network information 1s significantly greater than the
trajectory distance.

Similar to the example of FIG. 3, 1n the example shown in
FIG. 4, once the road network of the map 400 1s verified to
have a potential error (in this example, it 1s road segment
missing), a range ol the potential error on the map may be
further estimated by adjusting the set of points. For example,
in one embodiment, detour coellicients between the start
point and respective other points 1n the set of points may be
computed, finding a point with a sudden change of detour
coellicient, thereby locating a possible range with road seg-
ment missing.

It should be noted that the methods of computing the tra-
jectory distance as depicted above with reference to FIGS. 3
and 4 may be used in exchange or in combination. For
example, a polyline distance between the start point and the
end point can be computed as the trajectory distance, and 1t 1s
possible to determine whether the road network has a poten-
tial road segment connectivity error based on the ratio
between the trajectory distance and a route distance. More-
over, any other appropriate manner of determining the trajec-
tory distance 1s also feasible, and the scope of the present
invention 1s not limited 1n this aspect.

Returning to FIG. 2, according to an embodiment of the
present invention, at step S230, it may be verified whether the
road network of the map has either or both of the road segment
connectivity error and the road segment missing. Of course,
other possible errors in the road network may also be checked
based on the trajectory distance and the route distance. The
shortest route distance as described 1n the above examples 1s
only for the purpose of illustration. Dependent on different
computation manners of the detour coellicient, the longest
route distance or any other appropnate distance between the
start point and the end point may be computed, to compare
with the trajectory distance.

Through the depictions above, at step S230, the trajectory
distance and the route distance between the start point and the
end point may be compared to verily whether the road net-
work of the map has a potential error. In an embodiment,
when such potential error 1s detected, 1t may be prompted to
the user and/or a corresponding correction procedure may be
invoked. The method 200 may end after step S230.

Alternatively, 1n an alternative embodiment, the method
200 proceeds to step S240, where other trajectories are used
to repeat the verification process from steps S210 to S230, so
as to confirm whether the road network does have a potential
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error, thereby enhancing the credibility of the verification.
Specifically, suppose the map 1s verified to have a potential
error such as a potential road segment connectivity error
and/or road segment missing at step S230. In this case, at step
5240, at least one further trajectory within relevant area of the
map and corresponding to at least one further set of points
may be obtained. For example, in an embodiment, the
selected further set of points may include the start point
and/or end point as previously processed or a point nearby.
Location data corresponding to such a set of points may be
collected by a positioning device of other vehicle or user
traveling along a corresponding trajectory. These additional
set of points may be used to repeat the road network verifi-
cation procedure from step S210 to step S230.

In this way, error check caused by some exceptions can be
reduced. For example, consider the example of FIG. 3. If the
detour coetlicient of one trajectory 1s far greater than 1, the
possibility cannot be excluded that road segment 340 does
exist. For example, the vehicle or user likely intentionally
detoured along road segments 333, 334 and 335 dueto special
reasons, without travelling along the road segment 340. In
this case, detour coetlicients may be computed for multiple
times using the sets of points corresponding to one or more
trajectories from the start point 310 and the end point 320. IT
most detour coetlicients are greater than 1, 1t may be deter-
mined more reliably that the road segment 340 1s very likely
an over-connected road segment that does not exist.

Alternatively or additionally, in an embodiments, the
method 200 proceeds to step S2350, where a result of map
verification 1s confirmed using other trusted road network(s).
The trusted road network 1s one that has been verified to
include correct road segment information. For example, 1n an
embodiment, the trusted road network 1s provided by a com-
mercial map. Alternatively, the trusted road network may be
input or designated by the user.

Specifically, at step S250, the set of points may be mapped
to the trusted road network, and the route distance between
the start point and the end point in the trusted road network 1s
determined as “trusted route distance.” As an example, the
shortest route distance between the start point and the end
point 1n the trusted road network may be calculated as
“trusted shortest route distance.” Additionally, the shortest
route distance between the start point and the end point in the
road network of the distance under verification may be cal-
culated and compared with the trusted shortest route distance.
If the difference dertved from the comparison 1s greater than
the predetermined threshold, 1t may be confirmed that the
road network of the map under verification indeed has an
error. In this case, 1t may be prompted to the user and/or the
road network of the map under verification may be corrected
based on the trusted road network.

It should be noted that the sequences of respective steps in
FIG. 2 are only schematic. For example, determining the
trajectory distance at step S210 and the shortest route distance
at step S220 may be performed 1n a reverse order or 1n paral-
lel. For another example, determinations at steps S240 and
S259 can also be performed according to any appropriate
order.

FIG. 5 shows a schematic block diagram of a system 500
for veritying a road network of a map according to an embodi-
ment of the present invention. As shown 1n the figure, the
system 500 1ncludes a trajectory distance determining unit
510 configured to determine, based on locations of a set of
points in the map, a trajectory distance of a trajectory between
a start point and an end point 1n the set of points on the map:;
a route path determining unit 520 configured to determine a
route distance between the start point and the end point 1n the
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road network of the map; and a road network verifying unit
530 configured to verily the road network by comparing the
trajectory distance and the route distance.

In an embodiment, the set of points 1s obtained by mapping,
sensed location data on the map using map matching. In this
embodiment, the system 500 includes a point selecting unit
configured to select at least one of the start point and the end
point from the set of points based on matching degrees
between the set of points and road segments 1n the road
network.

In an embodiment, the trajectory distance determining unit
510 includes a matching route determining unit configured to
determine a route 1n the road network that matches the tra-
jectory; and a route distance determining unit configured to
determine a route distance of the route between the start point
and the end point, as the trajectory distance. In this embodi-
ment, the road network veritying unit 530 includes a connec-
tivity error detecting umt configured to determine, in
response to a ratio between the trajectory distance and the
route distance being greater than a predetermined threshold,
that the road network has a potential road segment connec-
tivity error.

Alternatively or additionally, 1n an embodiment, the trajec-
tory distance determining unit 510 includes a polyline dis-
tance determining unit configured to determine, as the trajec-
tory distance, a polyline distance between the start point and
the end point on the map by accumulating distances between
adjacent points 1n the set of points along the trajectory on the
map. In this embodiment, the road network verifying unit
may include a road segment missing detecting unit config-
ured to determine, 1n response to a ratio between the trajec-
tory distance and the route distance being less than a prede-
termined threshold, that the road network has a potential road
segment missing.

In an embodiment, the system 300 may also include an
error range determining unit configured to determine, 1n
response to the road network being verified to have a potential
error, a range of the potential error on the map by adjusting the
set of points.

In an embodiment, the system 500 may further include a
first confirming unit configured to repeat, in response to the
road network being verified to have a potential error, the
veritying of the road network using at least one further tra-
jectory corresponding to at least one further set of points on
the map, to confirm the potential error 1n the road network.

In an embodiment, the system 500 may also include a
trusted distance determining unit configured to determine, in
response to the road network being verified to have a potential
error, a trusted route distance between the start point and the
end point 1n the road network; a distance comparing unit
configured to compare the route distance and the trusted route
distance, and a second confirming unit configured to confirm
the potential error 1n the road network of the map based on the
comparing.

It should be noted that for the sake of clanty, FIG. S does
not show optional units or sub-units included in the system
500. All features and operations as described above are suit-
able for system 500, respectively, which are therefore not
detailed here. Moreover, partitioning of units or subunits 1n
system 500 1s exemplary, rather than limitative, intended to
describe 1ts main functions or operations logically. A function
of one unit may be implemented by a plurality of other units;
on the contrary, a plurality of units may be implemented by
one unit. The scope of the present invention is not limited 1n
this aspect.

Moreover, the units included 1n the system 500 may be
implemented by various manners, including soiftware, hard-
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ware, lirmware or a random combination thereof. For
example, in some embodiments, the apparatus may be imple-
mented by software and/or firmware. Alternatively or addi-
tionally, the system 300 may be implemented partially or
completely based on hardware. for example, one or more
units 1n the system 500 may be implemented as an integrated
circuit (IC) chip, an application-specific integrated circuit
(ASIC), a system on chip (SOC), a field programmable gate
array (FPGA), etc. The scope of the present intention 1s not
limited to this aspect.

The present invention may be a system, a method, and/or a
computer program product. The computer program product
may include a computer readable storage medium (or media)
having computer readable program instructions thereon for
causing a processor to carry out aspects of the present mven-
tion.

The computer readable storage medium can be a tangible
device that can retain and store instructions for use by an
istruction execution device. The computer readable storage
medium may be, for example, but 1s not limited to, an elec-
tronic storage device, a magnetic storage device, an optical
storage device, an electromagnetic storage device, a semicon-
ductor storage device, or any suitable combination of the
foregoing. A non-exhaustive list of more specific examples of
the computer readable storage medium includes the follow-
ing: a portable computer diskette, a hard disk, a random
access memory (RAM), aread-only memory (ROM), an eras-
able programmable read-only memory (EPROM or Flash
memory), a static random access memory (SRAM), a por-
table compact disc read-only memory (CD-ROM), a digital
versatile disk (DVD), a memory stick, a floppy disk, a
mechanically encoded device such as punch-cards or raised
structures 1n a groove having instructions recorded thereon,
and any suitable combination of the foregoing. A computer
readable storage medium, as used herein, 1s not to be con-
strued as being transitory signals per se, such as radio waves
or other freely propagating electromagnetic waves, electro-
magnetic waves propagating through a waveguide or other
transmission media (e.g., light pulses passing through a fiber-
optic cable), or electrical signals transmitted through a wire.

Computer readable program instructions described herein
can be downloaded to respective computing/processing
devices from a computer readable storage medium or to an
external computer or external storage device via a network,
for example, the Internet, a local area network, a wide area
network and/or a wireless network. The network may include
copper transmission cables, optical transmission fibers, wire-
less transmission, routers, firewalls, switches, gateway com-
puters and/or edge servers. A network adapter card or network
interface i each computing/processing device receives coms-
puter readable program instructions from the network and
forwards the computer readable program instructions for
storage 1n a computer readable storage medium within the
respective computing/processing device.

Computer readable program instructions for carrying out
operations of the present invention may be assembler instruc-
tions, 1instruction-set-architecture (ISA) 1instructions,
machine i1nstructions, machine dependent instructions,
microcode, firmware instructions, state-setting data, or either
source code or object code written 1n any combination of one
or more programming languages, including an object ori-
ented programming language such as Smalltalk, C++ or the
like, and conventional procedural programming languages,
such as the “C” programming language or similar program-
ming languages. The computer readable program instructions
may execute entirely on the user’s computer, partly on the
user’s computer, as a stand-alone software package, partly on
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the user’s computer and partly on a remote computer or
entirely on the remote computer or server. In the latter sce-
nario, the remote computer may be connected to the user’s
computer through any type of network, including a local area
network (LAN) or a wide area network (WAN), or the con-
nection may be made to an external computer (for example,
through the Internet using an Internet Service Provider). In
some embodiments, electronic circuitry including, for
example, programmable logic circuitry, field-programmable
gate arrays (FPGA), or programmable logic arrays (PLA)
may execute the computer readable program instructions by
utilizing state information of the computer readable program
instructions to personalize the electronic circuitry, 1n order to
perform aspects of the present invention.

Aspects of the present invention are described herein with
reference to flowchart illustrations and/or block diagrams of
methods, apparatus (systems), and computer program prod-
ucts according to embodiments of the mvention. It will be
understood that each block of the flowchart illustrations and/
or block diagrams, and combinations of blocks 1n the flow-
chart illustrations and/or block diagrams, can be 1mple-
mented by computer readable program 1nstructions.

These computer readable program instructions may be pro-
vided to a processor of a general purpose computer, special
purpose computer, or other programmable data processing
apparatus to produce a machine, such that the instructions,
which execute via the processor of the computer or other
programmable data processing apparatus, create means for
implementing the functions/acts specified in the flowchart
and/or block diagram block or blocks. These computer read-
able program instructions may also be stored in a computer
readable storage medium that can direct a computer, a pro-
grammable data processing apparatus, and/or other devices to
function 1n a particular manner, such that the computer read-
able storage medium having instructions stored therein
includes an article of manufacture including instructions
which implement aspects of the function/act specified 1n the
flowchart and/or block diagram block or blocks.

The computer readable program instructions may also be
loaded onto a computer, other programmable data processing
apparatus, or other device to cause a series of operational
steps to be performed on the computer, other programmable
apparatus or other device to produce a computer implemented
process, such that the instructions which execute on the com-
puter, other programmable apparatus, or other device imple-
ment the functions/acts specified in the flowchart and/or
block diagram block or blocks.

The flowchart and block diagrams 1n the Figures 1llustrate
the architecture, functionality, and operation of possible
implementations of systems, methods and computer program
products according to various embodiments of the present
invention. In this regard, each block in the flowchart or block
diagrams may represent a module, segment, or portion of
code, which includes one or more executable instructions for
implementing the specified logical function(s). It should also
be noted that, 1n some alternative implementations, the func-
tions noted 1n the block may occur out of the order noted in the
figures. For example, two blocks shown 1n succession may, 1n
fact, be executed substantially concurrently, or the blocks
may sometimes be executed 1n the reverse order, depending
upon the fTunctionality involved. It will also be noted that each
block of the block diagrams and/or flowchart illustration, and
combinations of blocks 1n the block diagrams and/or tlow-
chart illustration, can be implemented by special purpose
hardware-based systems that perform the specified functions
or acts, or combinations of special purpose hardware and
computer mstructions.
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The descriptions of the various embodiments of the present
invention have been presented for purposes of 1llustration, but
are not mntended to be exhaustive or limited to the embodi-
ments disclosed. Many modifications and variations will be
apparent to those of ordinary skill in the art without departing
from the scope and spirit of the described embodiments. The
terminology used herein was chosen to best explain the prin-
ciples of the embodiments, the practical application or tech-
nical improvement over technologies found in the market-

place, or to enable others of ordinary skill mn the art to
understand the embodiments disclosed herein.

The invention claimed 1s:

1. A computer implemented method for verifying a road
network of a map, the method comprising:
determining, by a trajectory distance determining unit,
based on locations of a set of points 1n the map, a trajec-
tory distance of a trajectory between a start point and an
end point 1n the set of points on the map, wherein the set
ol points 1s obtained by mapping sensed location data on
the map using map matching;
selecting at least one of the start point and the end point
from the set of points based on matching degrees
between the set of points and a road segment 1n the road
network;
determining a route distance between the start point and the
end point 1n the road network of the map;
verifying the road network by comparing the trajectory
distance to the route distance;
coniirming results of veritying the road network by com-
paring a shortest route distance between the start point
and the end point of the road network to a trusted shortest
route distance of a trusted road network; and
prompting a user of an error in the road network of the map,
based on the comparison of the shortest route distance to
the trusted shortest route distance.
2. The computer implemented method according to claim
1, wherein determining the trajectory distance of a trajectory
between a start point and an end point 1n the set of points on
the map comprises:
determining, as the trajectory distance, a polyline distance
between the start point and the end point on the map by
accumulating distances between adjacent points in the
set of points along the trajectory on the map.
3. The computer implemented method according to claim
1, wherein veriiying the road network by comparing the tra-
jectory distance and the route distance comprises:
in response to a ratio between the trajectory distance and
the route distance being less than a predetermined
threshold, determining that the road network has a
potential road segment missing.
4. The computer implemented method according to claim
1, wherein determining a trajectory distance of a trajectory
between a start point and an end point 1n the set of points on
the map comprises:
determining a route in the road network that matches the
trajectory; and
determining a route distance of a route between the start
point and the end point as the trajectory distance.
5. The computer implemented method according to claim
1, wherein veriiying the road network by comparing the tra-
jectory distance and the route distance comprises:
in response to a ratio between the trajectory distance and
the route distance being greater than a predetermined
threshold, determining that the road network has a
potential road segment connectivity error.

10

15

20

25

30

35

40

45

50

55

60

65

14

6. The computer implemented method according to claim
1, turther comprising;:

determining, 1n response to the road network being verified
to have a potential error, a range of the potential error on
the map by adjusting the set of points.

7. The computer implemented method according to claim

1, turther comprising;:

repeating, 1n response to the road network being verified to
have a potential error, the verifying of the road network
using at least one further trajectory corresponding to at
least one further set of points on the map to confirm the
potential error 1n the road network.

8. The computer implemented method according to claim

1, turther comprising;:

determinming, in response to the road network being verified
to have a potential error, a trusted route distance between
the start point and the end point 1n the road network;

comparing the route distance and the trusted route dis-
tance; and

confirming the potential error 1n the road network of the
map based on the comparison.

9. A system for verifying a road network of a map, the

system comprising:

a trajectory distance determining unit configured to deter-
mine, based on locations of a set of points 1n the map, a
trajectory distance of a trajectory between a start point
and an end point 1n the set of points on the map, wherein
the set of points 1s obtained by mapping sensed location
data on the map using map matching;

a route distance determiming unit configured to determine a
route distance between the start point and the end point
in the road network of the map;

a road network verifying unit configured to verity the road
network by comparing the trajectory distance and the
route distance; and

a point selecting unit configured to select at least one of the
start point and the end point from the set of points based
on matching degrees between the set of points and road
segments 1n the road network.

10. The system according to claim 9, wherein the trajectory

distance determining unit determination comprises:

a polyline distance determiming unit configured to deter-
mine, as the trajectory distance, a polyline distance
between the start point and the end point on the map by
accumulating distances between adjacent points 1n the
set of points along the trajectory on the map.

11. The system according to claim 10, wherein the road

network verifying unit comprises:

a road segment missing detecting unit configured to, 1n
response to a ratio between the trajectory distance and
the route distance being less than a predetermined
threshold, determine that the road network has a poten-
t1al road segment missing.

12. The system according to claim 9, wherein the trajectory

distance determining unit determination comprises:

a matching route determining unit configured to determine
a route 1n the road network that matches the trajectory;
and

a route distance determiming unit configured to determine a
route distance of the route between the start point and the
end point as the trajectory distance.

13. The system according to claim 9, wherein the road

network verifying unit verification comprises:

a connectivity error detecting umt configured to, 1n
response to a ratio between the trajectory distance and

the route distance being greater than a predetermined




US 9,404,757 B2

15

threshold, determine that the road network has a poten-
t1al road segment connectivity error.

14. The system according to claim 9, further comprising:

an error range determining unit configured to determine, 1n
response to the road network being verified to have a
potential error, a range of the potential error on the map
by adjusting the set of points.

15. The system according to claim 9, further comprising:

a first confirming unit configured to repeat, 1n response to
the road network being verified to have a potential error,
the veritying of the road network using at least one
further trajectory corresponding to at least one further
set of points on the map to confirm the potential error in
the road network.

16. The system according to claim 9, further comprising:

a trusted distance determining unit configured to deter-
mine, 1n response to the road network being verified to
have a potential error, a trusted route distance between
the start point and the end point 1n the road network;

a distance comparing unit configured to compare the route
distance and the trusted route distance; and

a second confirming unit configured to confirm the poten-
tial error 1n the road network of the map based on the
comparison.
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